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(57)  Bipolar batteries configured to minimize the in-
troduction of bubbles and methods of manufacturing
such batteries are taught herein. One bipolar battery in-
cludes an electrolyte layer, which includes separators
having permeability such that the electrolytes can pene-

trate therein, in a bipolar electrode wherein a cathode is
formed at one side of a collector and an anode is formed
atanother side of the collector. A stack is formed by stack-
ing the electrolyte layers upon one another. The electro-
lyte layer of the stack has a layer of overlapped separa-
tors.
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Description

[0001] Theinvention relates generally to a bipolar bat-
tery and a method of manufacturing a bipolar battery.
Aspects of the invention relate to a battery, to a battery
assembly, to a method and to a vehicle.

[0002] Recently, there has been anincreased demand
to reduce the amount of carbon dioxide in order to protect
the environment. In the automobile industry, electric and
hybrid electric vehicles have been introduced to reduce
the amount of carbon dioxide. In this regard, the use of
a bipolar battery has been primarily contemplated as a
power source for driving the motors of these vehicles.
[0003] Japanese Laid-Open Patent Publication No.
(Hei.) 11-204136 discloses a bipolar battery manufac-
tured by preparing an electrolyte layer in a bipolar elec-
trode wherein a cathode is formed at one side of a col-
lector and an anode is formed at another side of the col-
lector and by stacking the electrolyte layers to form a
stack.

[0004] In such known bipolar batteries, the cathode
and the anode are provided with the electrolyte, while
the separator is overlapped with either the cathode or
the anode so as to form a single layer. In other words,
when forming the stack, the electrolyte layer having a
cathode and an anode (a layer of separator into which
the electrolyte penetrates and segments a cathode and
an anode, or a layer of electrolyte between the cathode
or anode and the separator) is provided in the collector.
The electrolyte layers are then stacked upon one anoth-
er.

[0005] When overlapping the separators, however, a
bubble is introduced and maintained in the electrolyte
between the cathode or anode and the separator.
[0006] More specifically, when arranging the separator
in the electrolyte layer provided to the cathode or anode,
a corrugation is formed on the separator to thereby form
amicro gap in the electrolyte layer. Alternatively, the bub-
ble is introduced into the electrolyte layer due to overlap-
ping. If the stack is formed with the remained bubble,
then it becomes difficult to exhaust the bubble since the
cathode and the anode exist at both surfaces of the sep-
arator via the electrolyte. Further, when the bubble re-
mains in the stack as described above, a dead space is
generated wherein an ion cannot permeate, and an elec-
tron cannot move. The dead space may become a main
factor for the deterioration of power. This can be a prob-
lem when trying to improve the power density.

[0007] Itisanaim ofthe invention to address this issue
and to improve upon known technology. Embodiments
of the invention may provide a bipolar battery that has a
superior battery performance by improving the power
density by limiting the presence of bubbles therein. Other
aims and advantages of the invention will become ap-
parent from the following description, claims and draw-
ings.

[0008] Aspects ofthe invention therefore provide a bat-
tery, a method, a battery assembly and a vehicle as
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claimed in the appended claims.

[0009] According to another aspect of the invention for
which protection is sought there is provided a bipolar bat-
tery, comprising at least two bipolar electrodes arranged
in a stack, each of the electrodes including a cathode
formed on one side of a collector and an anode formed
on an opposed side of the collector and a pair of sepa-
rators arranged on opposed sides of each of the elec-
trodes in the stack, each of the pair of separators having
a permeability sufficient for an electrolyte to penetrate
therein; and wherein separators of adjacent ones of the
electrodes are in contact with each other.

[0010] In an embodiment, the pair of separators is a
porous membrane segmenting a cathode of afirst bipolar
electrode and an anode of a second, adjacent bipolar
electrode, the bipolar battery further comprising an elec-
trolyte between the cathode of the first bipolar electrode
and an adjacent separator and between the anode of a
second, adjacent bipolar electrode and an adjacent other
separator.

[0011] The battery may comprise an electrolyte layer
arranged at cathode and anode sides of each of the bi-
polar electrodes; and wherein the separators of adjacent
ones of the electrodes are overlapping.

[0012] Inanembodiment, the electrolyte layer is a pol-
ymer gel electrolyte or an electrolytic solution, the bipolar
battery further comprising a charging portion including a
charging material arranged in a space between each col-
lector and an adjacent separator and surrounding ends
of an associated cathode and anode.

[0013] In an embodiment, the charging portion has a
gap portion occluded during formation of the stack.
[0014] In an embodiment, the electrolyte layer is the
polymer gel electrolyte; and wherein a thickness of the
charging portion is less than a thickness between an ad-
jacent cathode or anode and the polymer gel electrolyte.
[0015] The battery may comprise an electrolyte layer
arranged between each anode and between each cath-
ode and an adjacent separator and in contact with the
adjacent separator, the electrolyte layer comprising the
electrolyte.

[0016] The battery may comprise a first sealing mate-
rial arranged between the cathode of each of the elec-
trodes and a first, adjacent one of the pair of separators,
the first sealing material enclosing ends of the cathode
and its respective electrolyte layer and a second sealing
material arranged between the anode of each of the elec-
trodes and a second, adjacent one of the pair of separa-
tors, the second sealing material enclosing ends of the
anode and its respective electrolyte layer.

[0017] The battery may comprise a sealing material
arranged between a first separator of each pair of sepa-
rators and a second separator of each pair of separators,
the sealing material enclosing the anode, cathode, col-
lector and electrolyte layers of a respective bipolar elec-
trode.

[0018] Inanembodiment, the battery comprises a first
sealing material arranged between the cathode of each
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of the electrodes and a first, adjacent one of the pair of
separators, the first sealing material enclosing ends of
the cathode and a second sealing material arranged be-
tween the anode of each of the electrodes and a second,
adjacent one of the pair of separators, the second sealing
material enclosing ends of the anode.

[0019] According to a still further aspect of the inven-
tion for which protection is sought there is provided a
method of manufacturing a bipolar battery, comprising
forming a first bipolar electrode including a first cathode
formed on one side of a first collector and a first anode
formed on an opposed side of the first collector, arranging
afirst pair of separators on opposed sides the first bipolar
electrode, each of the first pair of separators having a
permeability sufficient for an electrolyte to penetrate
therein, forming a second bipolar electrode including a
second cathode formed on one side of a second collector
and a second anode formed on an opposed side of the
second collector, arranging a second pair of separators
on opposed sides the second bipolar electrode, each of
the second pair of separators having a permeability suf-
ficient for the electrolyte to penetrate therein and stacking
the first bipolar electrode and the second bipolar elec-
trode such that a first separator of the first pair of sepa-
rators and a second separator of the second pair of sep-
arators are in contact with each other.

[0020] The method may comprise forming an electro-
lyte layer including the electrolyte adjacent each of the
first pair of separators and the second pair of separators
and interposed at cathode and anode sides of each of
the firstand the second bipolar electrodes, the electrolyte
layer comprising the electrode; and wherein stacking the
first bipolar electrode and the second bipolar electrode
further includes overlapping the first separator and the
second separator with each other.

[0021] In an embodiment, each of the separators is a
porous membrane, the method further comprising form-
ing an electrolyte layer including the electrolyte between
the first separator and the second separator, the first sep-
arator and the second separator being overlapped after
stacking.

[0022] The method may comprise forming a respective
electrolyte layer including the electrolyte between the first
cathode and a first, adjacent separator of the first pair of
separators and between the first anode and a second,
adjacent separator of the first pair of separators and form-
ing a respective electrolyte layer including the electrolyte
between the second cathode and a first, adjacent sepa-
rator of the second pair of separators and between the
second anode and a second, adjacent separator of the
second pair of separators.

[0023] Inanembodiment, the electrolyte of each of the
electrolyte layers is a polymer gel electrolyte or an elec-
trolytic solution, the method further comprising prior to
stacking, arranging a sealing material for forming a
charging portion and arranging a charging material in a
space between the first collector and each of the first pair
of separators to surround edges of the first cathode and
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the first anode.

[0024] In an embodiment, a gap portion is formed at
the charging portion, the method further comprising ex-
hausting a bubble remaining in an inner space of the first
electrode formed by the collector, at least one of the first
pair of separators and the charging material via the gap
portion.

[0025] The method may comprise occluding a gap of
the gap portion by pressing the charging portion along a
stacking direction of the stack after exhausting the bub-
ble.

[0026] Inanembodiment,the electrolyte isthe polymer
gel electrolyte, and a thickness of the charging portion is
less than a thickness between the first cathode or first
anode and the polymer gel electrolyte.

[0027] For example, a bipolar battery taught herein
may comprise at least two bipolar electrodes arranged
in a stack, each of the electrodes including a cathode
formed on one side of a collector and an anode formed
on an opposed side of the collector, and a pair of sepa-
rators arranged on opposed sides of each of the elec-
trodes in the stack, each of the pair of separators having
a permeability sufficient for an electrolyte to penetrate
therein. Separators of adjacent ones of the electrodes
are in contact with each other.

[0028] In another example, a method comprises form-
ing a first bipolar electrode including a first cathode
formed on one side of a first collector and a first anode
formed on an opposed side of the first collector, arranging
a first pair of separators on opposed sides the first bipolar
electrode, each of the first pair of separators having a
permeability sufficient for an electrolyte to penetrate
therein, forming a second bipolar electrode including a
second cathode formed on one side of a second collector
and a second anode formed on an opposed side of the
second collector, arranging a second pair of separators
on opposed sides the second bipolar electrode, each of
the second pair of separators having a permeability suf-
ficient for the electrolyte to penetrate therein, and stack-
ing the first bipolar electrode and the second bipolar elec-
trode such that a first separator of the first pair of sepa-
rators and a second separator of the second pair of sep-
arators are in contact with each other.

[0029] Within the scope of this application it is envis-
aged that the various aspects, embodiments, examples,
features and alternatives set out in the preceding para-
graphs, in the claims and/or in the following description
and drawings may be taken individually or in any combi-
nation thereof.

[0030] The presentinvention will now be described, by
way of example only, with reference to the accompanying
drawings in which:

FIG. 1 is a cross-sectional view of a bipolar battery
constructed in accordance with a first embodiment

of the invention;

FIG. 2 is a cross-sectional view of the bipolar battery
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shown in FIG. 1;

FIG. 3 is a perspective view of a battery assembly
configured to use the bipolar battery shown in FIG. 1;

FIG. 4 is a diagram of a vehicle wherein the battery
assembly shown in FIG. 3 is mounted;

FIG. 5 is a flow diagram of a method for manufac-
turing the bipolar battery constructed in accordance
with the first embodiment;

FIG. 6 is a flow diagram of a process for forming an
assembly unit shown in FIG. 5;

FIG. 7 is a flow diagram of a process for forming an
electrode shown in FIG. 6;

FIG. 8 is a flow diagram of a process for forming an
electrode shown in FIG. 6;

FIG. 9 is a cross-sectional view of a process for ar-
ranging an electrode shown in FIG. 6;

FIG. 10 is a plan view of a process for arranging a
sealing material shown in FIG. 6;

FIG. 11 is a cross-sectional view of a process for
arranging a sealing material shown in FIG. 6;

FIG. 12A is a cross-sectional view of the assembly
unitand a process for arranging the separator shown
in FIG. 6;

FIG. 12B is a cross-sectional view when the assem-
bly unit shown in FIG. 12A is partially stacked in the
process of forming a bonded body shown in FIG. 5;

FIG. 13is a flow diagram of forming the bonded body
shown in FIG. 5;

FIG. 14 is a cross-sectional view of a process for
setting the assembly unit shown in FIG. 13;

FIG. 15 is a diagram of processes for stacking and
pressing as shown in FIG. 13;

FIG. 16 is a diagram of a process for forming a seal-
ing layer shown in FIG. 13;

FIG. 17 is a diagram of a process for forming an
interface shown in FIG. 13;

FIG. 18 is a diagram of a process for initial charging
as shown in FIG. 13;

FIG. 19 is a cross-sectional of a modified example
constructed in accordance with the firstembodiment;
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FIG. 20 is a flow diagram of a process for forming a
collector in accordance with a second embodiment
of the invention;

FIG. 21 is a diagram of a process for penetration of
a sealing material shown in FIG. 20;

FIG. 22 is a plan view of a process for arranging a
sealing material in accordance with a third embodi-
ment of the invention;

FIG. 23is a conceptual view of a process for pressing
in accordance with the third embodiment; and

FIG. 24 is a plan view of a modified example con-
structed in accordance with the third embodiment.

[0031] FIG. 1is across-sectional view of a bipolar bat-
tery constructed in accordance with a first embodiment
of the invention. FIG. 2 is a cross-sectional view of the
bipolar battery shown in FIG. 1. FIG. 3 is a perspective
view of a battery assembly configured to use the bipolar
battery shown in FIG. 1. FIG. 4 is a diagram of a vehicle
wherein the battery assembly shown in FIG. 2 is mount-
ed.

[0032] In a bipolar battery 10 constructed in accord-
ance with the first embodiment (shown in FIG. 2), a stack
100 is formed by preparing an electrolyte layer 120 in a
bipolar electrode and stacking the electrolyte layers upon
one another. The bipolar electrode has an anode 112, a
cathode 113 and a collector 111. The cathode 113 is
arranged at one side surface of the collector 111, and
the anode 112 is arranged at another side surface of the
collector 111. Thatis, the collector 111 is placed between
the cathode 113 and the anode 112.

[0033] The electrolyte layer 120 has a layer comprising
separators 121 and 122, which are stacked upon one
another (two sheets), and a layer of electrolyte between
the separators 121 and 122 and the cathode 113 or the
anode 112. The separators 121 and 122 are porous
membranes having permeability for segmenting the cath-
ode 113 or the anode 112, wherein the electrolyte can
penetrate into such membranes. The electrolyte can be,
for example, a polymer gel electrolyte (gel polymer-
based electrolyte).

[0034] That is, since the separators 121 and 122 are
stacked upon one another in the electrolyte layer 120,
although a bubble remains in the electrolyte at the cath-
ode or anode side of the bipolar electrode, it is easy to
exhaust such a bubble via the separators 121 and 122.
This is because the separators 121 and 122 have per-
meability such that the electrolyte can penetrate therein
from an opposite side surface of the cathode 113 or an-
ode 112. Further, it is also easy to exhaust the bubble
from a space between the separators 121 and 122. Unlike
the known art where the cathode and anode sides exist
at both surfaces of the separator in the electrolyte layer
of the stack, making it difficult to exhaust the bubble, in
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the first embodiment described herein the cathode or an-
ode side exists at one side surface of the separators 121
and 122 in the electrolyte layer 120 of the stack 100,
while the separators 121 and 122 exist at another side
surface. Accordingly, it is easy to exhaust the remaining
bubble from one side surface to another side surface of
the separators 121 and 122. It is further easy to exhaust
the remaining bubble from a space between the separa-
tors 121 and 122.

[0035] The bipolar battery 10 also has first and second
sealing layers 115 and 117. The first sealing layer 115
is arranged at one side surface of the collector 111 and
extended to surround an end of the cathode 113. The
electrolyte layer 120 is arranged to cover the cathode
113 and the first sealing layer 115. The second sealing
layer 117 is position-adjusted with the first sealing layer
115, thereby being arranged at another side surface of
the collector 111 and extended to surround an end of the
anode 112. Aregion wherein the first and second sealing
layers 115 and 117 are arranged is referred to as a charg-
ing portion.

[0036] The collector 111 is, for example, a stainless
steel foil. However, the collector 111 is certainly not lim-
ited thereto and may include an aluminum foil, a clad
material of nickel and aluminum, a clad material of copper
and aluminum, or a plating material of a combination of
the these metals.

[0037] An anode active material of the anode 112 is,
for example, a hard carbon (a non-graphitized carbon
material). The anode active material is certainly not lim-
ited thereto since it may include a graphite-based carbon
material or a lithium-transition metallic composite oxide.
In certain embodiments, the anode active material com-
posed of carbon and the lithium-transition metallic com-
posite oxide is advantageous in terms of capacity and
power.

[0038] A cathode active material of the cathode 113
is, for example, LiMn,O,, although it is certainly not lim-
ited thereto. The lithium-transition metallic composite ox-
ide is desirable in terms of capacity and power.

[0039] Thicknesses of the cathode 113 and anode 112
may be set depending on the purpose of use (e.g., em-
phasis on power or energy) or ion conductivity.

[0040] A charging material constituting the first and
second sealing layers 115 and 117 is, for example, one-
liquid uncured epoxy resin. However, the charging ma-
terial is not limited thereto and may include other ther-
mosetting resins (polypropylene or polyethylene) or ther-
moplastic resins. In certain embodiments, it is beneficial
to select a material having a desired sealing effect de-
pending on the type of application.

[0041] A material for each separator 121, 122 in this
embodiment can be porous PE (polyethylene) having
permeability such that the electrolyte can penetrate into
the separator. In certain embodiments, however, the ma-
terial may include other polyolefins such as PP (polypro-
pylene), a stack in a three-layer structure of PP/PE/PP,
polyamide, polyimide, aramide or non-woven fabric. The
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non-woven fabric includes, for example, cotton, rayon,
acetate, nylon or polyester.

[0042] Ahostpolymer ofthe electrolyte is, for example,
PVDF-HFP (copolymer of polyvinylidene fluoride and
hexafluoropropylene) containing 10% of HFP (hexafluor-
opropylene) copolymer. However, the host polymer is
not limited thereto and may include other polymers with-
out lithium ion conductivity or polymer (solid polymer
electrolyte) with ion conductivity. Other polymers without
lithium ion conductivity, for example, include PAN (poly-
acrylonitile) and PMMA (polymethylmethacrylate). A pol-
ymer with ion conductivity, for example, is PEO (polyeth-
ylene oxide) or PPO (polypropylene oxide).

[0043] An electrolytic solution retained in the host pol-
ymer includes, for example, an organic solvent com-
posed of PC (propylene carbonate) and EC (ethylene
carbonate), and lithium salt (LiPFg) as a support salt. The
organic solvent is not limited to PC and EC since it may
include other ring-type carbonate classes, chain-type
carbonate classes such as dimethylcarbonate and ether
classes such as tetrahydrofuran. The lithium salt can al-
ternatively include other inorganic anionic salts and or-
ganic anionic salts such as LICF3SOj instead of LiPFg.
[0044] Asshowngenerallyin FIGS. 1and 2, the bipolar
battery 10 is housed within an exterior case 104 in the
form of a stack 100 of a unit bipolar battery, thereby pre-
venting an impact from the outside or environmental de-
terioration. Terminal leads 101 and 102 composed of a
high conductive member are connected to respective col-
lectors 111 placed at the outermost layer of the stack
100. The high conductive member includes, for example,
aluminum, copper, titan, nickel, stainless or alloys there-
of. Further, the reference number 103 indicates a rein-
forcing plate.

[0045] The terminal leads 101 and 102 extend to an
outer portion of the exterior case 104, and each serves
as an electrode tab for extracting the current from the
stack 100. Further, by arranging an electrode tab of an
independent separate member and connecting to the ter-
minal leads 101 and 102 directly or by using a lead, it is
possible to extract the current from the stack 100.
[0046] To reduce weight and thermal conductivity, the
exterior case 104 can be composed of a sheet material
such as polymer-metallic composite laminate film where-
in metals such as aluminum, stainless, nickel or copper
(including alloys thereof) are coated by an insulator such
as a polypropylene film. Further, the exterior case 104 is
formed by bonding a part or the entire outer periphery of
the case via thermal fusion.

[0047] Itis possible to use the bipolar battery 10 inde-
pendently. Optionally, for example, it is possible to use
the bipolar battery 10 in the form of a battery assembly
130 as shown in FIG. 3. The battery assembly 130 is
constituted by serializing and/or parallelizing the bipolar
battery 10 and multi-connecting the bipolar batteries 10.
The battery assembly 130 has conductive bars 132 and
134. The conductive bars 132 and 134 are connected to
the terminal leads 101 and 102 extended from an inner
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portion of the bipolar battery 10.

[0048] When the bipolar battery 10 is connected and
constituted, the capacity and voltage can be freely ad-
justed via an appropriate serialization or parallelization.
A connecting method includes, for example, an ultrasonic
welding operation, a thermal welding operation, a laser
welding operation, arivet operation, a caulking operation
or an electronic beam.

[0049] By serializing and/or parallelizing and multi-
connecting the battery assemblies 130, it is possible to
provide a battery assembly module (a large scale battery
assembly) 136 as shown in FIG. 4. Since the battery as-
sembly module 136 can secure a higher power, it is pos-
sible, for example, to be mounted as a power source for
driving a motor of a vehicle 138. The vehicle includes,
for example, an electric vehicle, a hybrid electric vehicle
or an electric train.

[0050] The battery assembly module 136, for example,
can perform very elaborate control such as performing a
control of charging in every interior bipolar battery 10 or
every battery assembly 130. Accordingly, it is possible
to achieve functionalimprovements such as an extension
of driving distance per charging at one time or an exten-
sion of lifetime of a battery mounted on a vehicle.
[0051] FIG. 5 is a flow diagram of a method for man-
ufacturing a bipolar battery in accordance with the first
embodiment. The method includes a step of forming an
assembly unit as a sub-assembly unit wherein the elec-
trolyte and the separator are sequentially arranged at
both sides of the bipolar electrode, a step of forming a
bonded body as an assembly step for forming the stack
(bonded body) wherein the assembly units (sub-assem-
bly units) are stacked and integrated and a step of as-
sembling for housing the integrated stack within the ex-
terior case.

[0052] Forming the bonded body (assembly step)
comprises a stacking step for stacking the bipolar batter-
ies upon one another by interposing the electrolyte layer,
as will be explained below. In the stacking step, since
the separators are overlapped with each other wherein
the electrolytes can penetrate, it becomes easy to ex-
haust such a bubble left at the cathode or anode side of
the bipolar electrode from a surface opposite to the cath-
ode or anode side via the separator, which has a property
for the electrolytes to penetrate therein. Further, itis also
easy to exhaust the bubble from a space between the
separators.

[0053] Thatis, only a single layer results in a situation
where the cathode and anode sides exist at both surfaces
of the separator. This makes it difficult to exhaust the
bubble. Here, however, since the cathode or anode side
exists at one side surface of the separator and the sep-
arator exists at another side surface, it becomes easy to
exhaust the remaining bubble from one side surface to
another side surface. Further, it is also easy to exhaust
the bubble from a space between the separators.
[0054] FIG. 6is a flow diagram of the process for form-
ing the assembly unit shown in FIG. 5. FIG. 7 is a plan
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view of the process for forming the electrode shown in
FIG. 6, while FIG. 8 is a cross-sectional view of the proc-
ess for forming the electrode shown in FIG. 6. FIG. 9 is
a cross-sectional view of the process for arranging the
electrolyte shown in FIG. 6, while FIG. 10 is a plan view
of the process for arranging the sealing material shown
in FIG. 6. FIG. 11is a cross-sectional view of the process
for arranging the sealing material shown in FIG. 6. FIG.
12Ais a cross-sectional view of the process for arranging
the separator shown in FIG. 6 and the assembly unit 108
as a sub-assembly.

[0055] As shown in FIG. 6, the process of forming an
assembly unit can include the steps of forming the elec-
trode, arranging the electrolyte, arranging the sealing
material and arranging the separator.

[0056] In this embodiment, cathode slurry is first ad-
justed in the process of forming the electrode. The cath-
ode slurry is prepared, for example, to have a cathode
active material of 85 wt%, a conductive auxiliary agent
of 5 wt% and a binder of 10 wt%. The cathode slurry
obtains a desired viscosity by adding a viscosity adjusting
solvent therein. The cathode active material is, for exam-
ple, LiMn,O,4, while the conductive auxiliary agent is acet-
ylene black. The binder is PVDF (polyvinylidene fluoride).
The viscosity adjusting solvent is NMP (N-methyl-2-py-
rolidone). The cathode slurry is applied to one side sur-
face of the collector 111 composed of stainless steel foil.
[0057] The conductive auxiliary agent, for example,
may include carbon black or graphite. The binder and
the viscosity adjusting solvent are not limited to PVDF
and NMP.

[0058] Next, anode slurry is adjusted. The anode slurry
is prepared, for example, to have an anode active mate-
rial of 90 wt% and a binder of 10 wt%. The anode slurry
obtains a desired viscosity by adding a viscosity adjusting
solvent therein. The anode slurry is applied to another
side surface of the collector 111. In this example, the
anode active material is hard carbon, and the binder and
the viscosity adjusting solvent are PVDF and NMP. The
anode slurry is applied to another side surface of the
collector 1 11.

[0059] Applied membranes of the cathode slurry and
the anode slurry are, for example, dried by using a vac-
uum oven and respectively form the cathode 113 com-
posed of the cathode active material and the anode 112
composed of the anode active material (see FIGS. 7 and
8). At this time, NMP is removed by being volatilized.
[0060] Thicknesses of the cathode 113 and the anode
112 are certainly not limited and may be set depending
on the purpose of use (e.g., emphasis on power or en-
ergy) or ion conductivity.

[0061] Inthe process of arranging the electrolyte, the
electrolytes 124 and 125 are applied to an electrode por-
tion of the cathode 113 and the anode 112, respectively
(see FIG. 9).

[0062] The electrolytes 124 and 125 are prepared, for
example, to have electrolytic solution of 90 wt% and host
polymer of 10 wt%. Electrolytes 124 and 125 obtain a
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viscosity suitable for applying by adding a viscosity ad-
justing solvent therein.

[0063] The electrolytic solution includes an organic
solvent composed of PC (propylene carbonate) and EC
(ethylene carbonate) and lithium salt (LiPFg) as a support
salt. The concentration of the lithium salt is, for example,
1M.

[0064] The host polymer is, for example, PVDF-HFP
(copolymer of polyvinylidene fluoride and hexafluoropro-
pylene) containing 10% of HFP (hexafluoropropylene)
copolymer. A viscosity preparing solvent is DMC (dime-
thyl carbonate). The viscosity preparing solvent is not
limited to DMC.

[0065] With reference to FIG. 10, in the process of ar-
ranging the sealing material a first sealing material 114
is first arranged so as to extend an outer periphery in the
cathode side wherein the collector 111 is exposed as
well as an edge of the cathode 113. For the arrangement
of the first sealing material 114, an application is made
using a dispenser, for example.

[0066] Next, as shown in FIG. 11, a second sealing
material 116 is arranged to extend an outer periphery in
the anode side wherein the collector 111 is exposed as
well as an edge of the anode 112. At this time, the second
sealing material 116 is positioned so as to be opposite
(and overlapped) to the first sealing material 114. For the
arrangement of the second sealing material 116, for ex-
ample, an application is made using a dispenser is ap-
plied. Further, the first and second sealing materials are
charging materials composed of a one-liquid uncured
epoxy resin in this example.

[0067] AsshowninFIG. 12A, in the process of arrang-
ing the separator, the separators 121 and 122 are ar-
ranged so as to cover both the cathode side surface and
the anode side surface of the collector 111. By doing so,
the assembly unit 108 is formed wherein the electrolytes
124 and 125 and the separators 121 and 122 are se-
quentially arranged at both sides of the bipolar electrode.
Further, the separators 121 and 122 are porous PE.
[0068] As such, since the assembly unit 108 is ar-
ranged so as to cover both the cathode and anode side
surfaces of the collector 111, the assembly unit 108 be-
comes a sub-assembly component packed by a separa-
tor such as PE without exposing the electrode and elec-
trolyte. To this end, delivery becomes easy without alter-
ing or deteriorating the electrode and electrolyte. Further,
since the sub-assembly components are stacked upon
one another in the following process, a stacking operation
becomes very easy.

[0069] Further, the assembly unit (sub-assembly) 108
can be housed in a vacuum container or suctioned from
the edges of the separators at both sides by using a vac-
uum cup. Since the bubble can be exhausted from the
electrolytes 124 and 125 at both sides of the bipolar elec-
trode via the separators 121 and 122 having permeability
at this time, the remaining bubble can be further limited
in addition to exhausting the bubble after forming the
stack 100, as is explained next.
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[0070] Inthe process of arranging the sealing material,
a charging portion is formed in a space between the col-
lector 111 and the electrolyte layer 120. The charging
material is arranged in the charging portion so as to sur-
round the edges of the cathode 113 and the anode 112.
[0071] Further, in the process of arranging the sealing
material according to certain embodiments, it is advan-
tageous that a thickness of the first sealing material 114
is predetermined to be less than a total thickness of the
cathode 113 and electrolyte 124. In addition thereto, in
some of these embodiments, it is advantageous that a
thickness of the second sealing material 116 is predeter-
mined to be less than a total thickness of the anode 112
and electrolyte 125. Since the separators 121 and 122
contact a center portion wherein the electrolytes 124 and
125 are arranged prior to contacting the first and second
sealing materials 114 and 116 arranged in the outer pe-
riphery, the remaining bubble in the inner portion sur-
rounded by the first and second sealing materials 114
and 116 is limited.

[0072] FIG. 12Bisa cross-sectional view when the as-
sembly unit 108 shown in FIG. 12A is partially stacked
in the process of forming the bonded body shown in FIG.
5. FIG. 13 is a flow diagram of forming the bonded body
(assembly process) shown in FIG. 5, while FIG. 14 is a
cross-sectional view of a process for setting the assembly
unit shown in FIG. 13. FIG. 15 is a diagram of a process
for stacking the assembly unit and for pressing shown in
FIG. 13. FIG. 16 is a diagram of a process for forming a
sealing layer shownin FIG. 13, while FIG. 17 is a diagram
of a process for forming an interface shown in FIG. 13.
FIG. 18 is a diagram of a process for the initial charging
shown in FIG. 13.

[0073] AsshowninFIG. 13, the process of forming the
bonded body comprises the steps of setting and stacking
the assembly unit, pressing and forming a sealing layer,
forming an interface, initial charging and exhausting the
bubble.

[0074] Inthe process of setting the assembly unit, as
shown in FIG. 14, the assembly units 108 (as a plurality
of sub-assemblies) are sequentially set in a magazine
150. At this time, as shown in FIG. 12A, since the sepa-
rators 121 and 122 are arranged at the outer sides of the
electrolytes 124 and 125 and the first and second sealing
materials 114 and 116 wherein the electrolytes 124 and
125 are arranged at both sides of the bipolar electrode
included in the assembly unit 108, the electrolytes 124
and 125 and the first and second sealing materials 114
and 116 are not exposed to the outside. To this end, itis
easy to handle the assembly unit 108 to thereby secure
the preferred working property.

[0075] Referring now backto FIG. 14, in order to avoid
interference when setting the assembly unit 108, the
magazine 150 has a clamp mechanism 152, which is in
a frame shape and is capable of embracing the outer
peripheral portion of the assembly unit 108.

[0076] The clamp mechanism 152 is arranged in a
stacking direction with an interspacing such that the as-
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sembly units 108 do not contact each other. The stacking
direction is vertical to a surface direction of the assembly
unit 108.

[0077] The clamp mechanism 152 is configured, for
example, to have an elastic member composed of a
spring and to be retainable and supportable when as-
signing a tensile force to the assembly unit 108 based
on an elastic force such that corrugation is not generated.
Other mechanisms to perform a clamping function are
also possible. Since such mechanisms are known in the
art, a detailed explanation thereof is omitted herein.
[0078] Inthe process of stacking the assembly unit, as
shown in FIG. 15, the magazine 150 is arranged within
a vacuum treatment device 160. The stack 100 of the
assembly unit 108 is formed under vacuum with a range
of, for example 0.2 to 0.5 X 105 Pa.

[0079] Since the electrolytes 124 and 125 and the first
and second sealing materials 114 and 116 included in
the assembly unit (sub-assembly) 108 are covered by
the separators 121 and 122, they are not exposed to the
outside. To this end, it is easy to handle the assembly
unit 108 to thereby secure the working properties. Fur-
ther, since the separators 121 and 122 are merely over-
lapped with each other, it is easy to perform a stacking
operation while limiting any remaining bubble. Also, since
the separators are overlapped with each other, corruga-
tion is hardly generated to thereby minimize the remain-
ing bubble therefrom. Since the assembly unit 108 is un-
der vacuum, the bubble is introduced into a stacking in-
terface of the electrode and the electrolyte layer, passes
through the separator and is efficiently exhausted from
a space between the separators to the outside. This fur-
ther reduces the remaining bubble.

[0080] FIG. 12B is a cross-sectional view when a part
of the assembly unit 108 is stacked in the process of
forming the bonded body. Although the separators 121
and 122 are overlapped with each other, FIG. 12B shows
the separators 121 and 122 with a space therebetween
for the sake of convenience in order to easily explain the
theory on how the bubble N is exhausted. As shown in
FIG. 12B, since the separators 121 and 122 (that is, two
sheets) are overlapped with each other wherein the elec-
trolytes 124 and 125 can penetrate therein, although the
bubble N remains at the cathode side 113 or anode side
112 of the bipolar electrode, it becomes easy to exhaust
the bubble N from a surface opposite to the cathode side
113 or anode side 112 via the separators 121 and 122
having permeability. This is so that the electrolytes 124
and 125 can penetrate therein and further exhaust the
bubble N from a space between the separators 121 and
122. Note that the ion and the electron can move by elec-
trolytes 124 and 125 spreading among separators 121
and 122.

[0081] Further, as discussed above, the bubble N can
be exhausted via the separators 121 and 122 even when
arranged in the assembly unit 108. Optionally, the bubble
N can be exhausted from a space between the separators
121 and 122 at any process after stacking the assembly
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unit 108 such as pressing or forming an interface. Also,
the bubble N can be exhausted after being cased.
[0082] Therefore, since the dead space wherein the
ion is not permeable and the electron cannot be moved
is restrained, the movement of the ion and electron is not
impeded during the use thereof, thereby achieving high
power density.

[0083] A method of forming the stack 100 comprises,
for example, sequentially releasing the clamp mecha-
nism 152 for embracing the assembly unit 108 from a
lower side so as to be stacked at a rest arranged at a
lower portion of the magazine 150. The method is cer-
tainly not limited thereto.

[0084] Further, in addition to sequentially releasing the
clamp mechanism from a lower side to an upper side,
the rest may be moved from a lower side to an upper
side of the magazine 150 to stack the stack 108 nearby
without being exceedingly displaced. Alternatively, the
magazine may be moved from the upper side to the lower
side by fastening the rest.

[0085] The vacuum treatment device 160 shown in
FIG. 15 has an apparatus 162 for performing a vacuum
function, an apparatus 170 for performing a pressing
function and a controller 178.

[0086] The vacuuming apparatus 162 has a vacuum
chamber 163, a vacuum pump 164 and a piping system
165. The vacuum chamber 163 has a detachable (open-
able) cover portion and a fixed base wherein the maga-
zine 150 and the pressing apparatus 170 are arranged.
The vacuum pump 164 is, for example, centrifugal and
is used for forming an inner portion of the vacuum cham-
ber 163 in a vacuum state. The piping system 165 is used
for connecting the vacuum pump 164 and the vacuum
chamber 163, and a leak valve (not shown) is arranged
therein.

[0087] The pressing apparatus 170 has a base plate
171 and a press plate 173 spaced apart from the base
plate 171. Optionally, an elastic body in a sheet-shape
may be arranged on the base plate 171 and the press
plate 173. The controller 178 is used for controlling the
movement or pressing force of the base plate 173. The
controller 178 can be, for example, a microcomputer in-
cluding a random access memory (RAM), a read-only
memory (ROM) and a central processing unit (CPU) in
addition to various input and output connections. Gener-
ally, the control functions are performed by execution by
the CPU of one or more programs stored in ROM.
[0088] AsshowninFIG. 15, inthe process of pressing,
the stack 100 is pressed by the press plate and the base
plate 171 while maintaining a vacuum state. By doing so,
the first and second sealing materials 114 and 116 are
prepared to form the desired thicknesses. The pressure
used in this pressing is, for example, 1 to 2 X 106 Pa.
[0089] Referring now to FIG. 16, since the stack 100
isarranged in an oven 190 and then heated in the process
of forming the sealing layer, the first and second sealing
materials 114 and 116 included in the stack 100 may be
thermally cured, thereby forming the first and second
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sealing layers 115 and 117. The heating condition is, for
example, 80°C. Heating the stack can be performed other
than in an oven.

[0090] Although a lithium secondary battery dislikes
moisture, since the first and second sealing layers 115
and 117 are composed of resin, the introduction of mois-
ture cannot be avoided. To this end, the desired thick-
nesses of the first and second sealing materials 114 and
116 in the process of pressing are set to reduce invading
moisture by minimizing the thicknesses contacting the
outer atmosphere of the first and second sealing layers
115 and 117.

[0091] Optionally, a thermoplastic resin may be ap-
plied to the first and second sealing materials 114 and
116. Insuch acase, the firstand second sealing materials
114 and 116 are plasticized by heating to form the first
and second sealing layers 115 and 117.

[0092] Inthe process of forming an interface, since the
stack 100 is arranged in a pressing apparatus 180 and
pressed under heating, the electrolytes 124 and 125 pen-
etrate into the separators 121 and 122 included in the
stack 100 and a gel interface is formed thereon as seen
in FIG. 17. The heating and pressing conditions are, for
example, 80°C and 1 to 2 X 10% Pa, respectively. By
doing this heating and pressing, the assembly unit 108
is stacked so that an integrated stack (bonded body) 100
can be obtained.

[0093] Here, when the electrolytes 124 and 125 pen-
etrate into the separators 121 and 122 included in the
stack 100, although the bubble N remains within the elec-
trolytes 124 and 125 and the separators 121 and 122,
the bubble N is exhausted. Namely, the bubble N is ex-
hausted from the electrolyte 124 via the separator 121,
exhausted from the electrolyte 125 via the separator 122
and exhausted from a space between the separators 121
and 122 to the outside.

[0094] The pressing apparatus 180 has a base plate
181, a press plate 183 close to but spaced apart from
the base plate 181, a lower portion heating part 185, an
upper portion heating part 187 and a controller 188. The
lower portion heating part 185 and the upper portion heat-
ing part 187 have a resistance heating element, for ex-
ample, and the two parts 185, 187 are arranged within
the base plate 181 and the press plate 183 and are used
to increase the temperature of the base plate 181 and
the press plate 183. The controller 188, like the controller
178, is used for controlling the movement and pressing
force of the press plate 183 and is also used for controlling
the temperature of the lower portion heating part 185 and
the upper portion heating part 187.

[0095] Optionally, either of the lower portion heating
part 185 or the upper portion heating part 187 may be
omitted. Alternatively, the lower portion heating part 185
and the upper portion heating part 187 may be arranged
at an outer portion of the base plate 181 and the press
plate 183. Further, a sheet-shaped elastic body may be
arranged in the base plate 181 and the press plate 183.
[0096] As shown in FIG. 18, the operation of initially
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charging described with respect to FIG. 13 is performed
by a charging/discharging device 192 electrically con-
nected to the stack 100. A bubble is generated. The initial
charging condition is, for example, a capacity base ap-
proximately calculated from an application weight of the
cathode, such as 4 hours in 21 V-0.5 C.

[0097] Again referring to FIG. 13, in the process of ex-
hausting the bubble, for example, the bubble in a center
portion of the stack 100 is moved to the outer periphery
andisthenremoved by pressing aroller against a surface
of the stack 100. Further, since the bubble is sufficiently
exhausted in the process of forming the interface, the
process of exhausting the bubble is not essential. How-
ever, it is possible to improve the power density of the
battery by further limiting the bubble via such a process.
[0098] In the process of casing, the integrated stack
(bonded body) 100 is housed within the exterior case 104
(see FIG. 2) to thereby manufacture the bipolar battery
10 (see FIGS. 1 and 2). The exterior case 104 is formed
by arranging the stack 100 between two sheet-shaped
exterior materials and bonding an outer periphery of the
exterior materials. The exterior materials can be polymer-
metallic composite laminate film coated by an insulator
such as a polypropylene film and bonded by applying a
thermal fusion.

[0099] Further, itis possible to achieve the high capac-
ity and/or high power of an additional layer of the bipolar
battery by further stacking the integrated stack 100 upon
another and then housing the arrangement within the ex-
terior case 104. Optionally, it is possible to perform the
processes of stacking and pressing in atmospheric con-
ditions or the processes of forming the sealing layer and
the interface under vacuum.

[0100] By appropriately selecting the electrolytes 124
and 125 and the first and second sealing materials 114
and 116, the process of forming the sealing layer and the
process of forming the interface are integrated. The hard-
ening of the first and second sealing materials 114 and
116 and the completing of the electrolyte layer are per-
formed simultaneously. By doing so, it is possible to re-
duce the number of manufacturing processes. Optional-
ly, a process of attaching a tab (lead line) for monitoring
a potential of each layer (bipolar unit battery) of the stack
100 may be added between the processes of forming the
sealing layer and forming the interface.

[0101] FIG. 19 is a cross-sectional view of a modified
example constructed in accordance with the first embod-
iment. In the example of the first embodiment previously
described, the firstand second sealing materials 114 and
116 are arranged between the collector 111 and the sep-
arators 121 and 122 and extended to the ends of the
cathode 113 and anode 112. However, a sealing struc-
ture is certainly not limited to the above. As shown in FIG.
19, for example, itis possible to arrange a sealing mate-
rial 118 so as to extend to the edges of the cathode 113,
the collector 111 and the anode 112.

[0102] As such, the first embodiment can provide a
bipolar battery that minimizes the introduction of a bubble
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and a method of manufacturing such a battery.

[0103] Further, since the polymer gel electrolyte is a
thermoplastic containing the electrolyte within a polymer
framework, liquid leakage is prevented to thereby prevent
liquid junction so as to constitute the bipolar battery hav-
ing high reliability. Also, the polymer gel electrolyte is
certainly not limited to thermoplastic since it may be ther-
mosetting. In such a case, the liquid leakage is prevented
by hardening the electrolyte layer by pressing under heat-
ing to thereby prevent the liquid junction.

[0104] The surface pressure inthe processes of press-
ing and forming the interface is certainly not limited to 1
to 2x 106 Pa since it may be appropriately established
by considering the material properties such as the
strength of materials of the stack 100. The heating tem-
perature in the process of forming the sealing layer is not
limited to 80 °C. It can, for example, be anywhere within
a range between 60°C and 150°C when considering the
material properties such as the heat resistance of the
electrolytic solution or the hardening temperature of the
first sealing material 114 (first sealing layer 115) and the
second sealing material 116 (sealing layer 117).

[0105] The electrolytes 124 and 124 are certainly not
limited to the gel polymer class since they may include
the electrolytic solution class. In such a case, in the proc-
ess of arranging the electrolyte, for example, the electro-
Iytic solution is applied to each electrode portion of the
cathode 113 and anode 112 by using a micropipette and
sank therein (see FIG. 9)

[0106] The electrolytic solution includes an organic
solvent composed of propylene carbonate (PC) and eth-
ylene carbonate (EC), a lithium salt (such as LiPFg) as
a support salt and a small quantity of surfactant. The
concentration of the lithium salt is, for example, 1 M.
[0107] The organic solvent is certainly not limited to
PC and PE since it may include other ring-type carbonate
classes, chain-type carbonate classes such as dimethyl
carbonate or ether classes such as tetrahyrdofuran. The
lithium saltis also not limited to LiPFg since it may include
other inorganic anionic salts and organic anionic salts
such as LICF;SOs.

[0108] Next, the second embodiment of the invention
is explained with initial reference to FIG. 20, which is a
flow diagram of a process for forming a bonded body in
accordance with the second embodiment. FIG. 21 is a
diagram of a process for penetrating a sealing material
shown in FIG. 20.

[0109] The second embodiment differs from the first
embodiment in that it comprises a process of penetration
of a sealing material between the processes of pressing
and forming the sealing layer.

[0110] Referring now to FIG. 21, in order to limit the
bubble from remaining in an inner portion surrounded by
the first and second sealing materials, when the thick-
nesses of the first and second sealing materials are set
to be less than a total thickness of the cathode and elec-
trode and a total thickness of the anode and electrolyte,
respectively, the pressing force is not sufficiently trans-
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ferred to a portion (charging portion) wherein the first and
second sealing materials are arranged in spite of press-
ing a stack 200. This causes a sealing shortage.

[0111] To this end, the first and second sealing mate-
rials are sufficiently penetrated into the separator by add-
ing a process of penetration of the sealing material in
order to press the charging portion in the stack 200 by
using a pressing device 280.

[0112] In the process of forming the sealing layer, the
portion into which the first and second sealing materials
are penetrated is heated so as to be thermally cured.
Thus, the adhesive property of the first and second seal-
ing layers is improved compared to the first embodiment.
Further, the first and second sealing materials penetrate
into a portion of the separator of the manufactured bipolar
battery opposite to the first and second sealing layers.
[0113] The pressing device 280 has a base plate 281
in which the stack 200 is arranged, a press plate 283
close to but spaced apart from the base plate 281 and a
controller similar to controllers 178 and 188 so not shown
in FIG. 21. The press plate 283 is divided to have a center
press plate 284 and an outer periphery press plate 285.
[0114] The center press plate 284 is used for support-
ing aportion of the stack 200 wherein an electrode portion
(i.e., the cathode and anode) is arranged. The outer pe-
riphery press plate 285 is used for pressing a charging
portion of the stack 200. The controller is used for con-
trolling the movements or pressing force of the center
press plate 284 and the outer periphery press plate 285.
Therefore, the pressing device 280 is capable of pressing
only the charging portion by using the outer periphery
press plate 285 of the stack 200 arranged in the base
plate 281.

[0115] Although not necessary, it is beneficial that the
pressing operation by the outer periphery press plate 285
occur after pressing the electrode portion of the stack
200 by the center press plate 284. In such a case, it is
possible to move the bubble in the electrode portion to
the outer peripheral portion, further minimizing the re-
maining bubble in the electrode portion.

[0116] As such, compared to the first embodiment,
sealing properties are furtherimproved. Further, itis pos-
sible to appropriately integrate the processes of pressing
and penetrating the sealing material as necessary.
[0117] Next, a third embodiment of the invention is ex-
plained with reference to FIGS. 22 and 23. FIG. 22 is a
plan view of a process for arranging the sealing material
in accordance with the third embodiment, while FIG. 23
is a conceptual view of a process for pressing in accord-
ance with the third embodiment.

[0118] The third embodiment differs from the first em-
bodiment with respect to the processes of arranging the
sealing material, stacking and pressing.

[0119] Referring first to FIG. 22, in the process of ar-
ranging the sealing material, first and second sealing ma-
terials 314 and 316 discontinuously extend to surround
the cathode and anode. The notch-shaped gap portions
315 and 317 are formed where the first and second seal-
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ing materials 314 and 316 are not arranged. That is, the
gap portion is formed in the charging portion. Further,
the reference number 311 indicates a collector.

[0120] The process of stacking comprises a process
of exhausting the bubble. When forming the stack, the
bubble remaining in an inner space surrounded by the
collector, the electrolyte layer and the first and second
sealing materials 314 and 316 is exhausted via the gap
portions 315 and 317.

[0121] The process of pressing comprises processes
of exhausting the bubble and occluding the gap. The
stack is pressed along a direction that the bipolar elec-
trode is stacked by a press plate and a base plate, such
as those previously described. At this time, a portion
(charging portion) in the stack is pressed wherein the first
and second sealing materials 314 and 316 are arranged.
[0122] To this end, at the beginning of pressing, the
bubble remaining in the inner space surrounded by the
collector, the electrolyte layer and the first and second
sealing materials 314 and 316 is exhausted via the gap
portions 315 and 317. Further, the first and second seal-
ing materials 314 and 316 positioned around the gap
portions 315 and 317 are directed toward the gap portions
315 and 317 by proceeding with the pressing operation
as shown in FIG. 23. The gap portions 315 and 317 are
occluded by coating the gap portions 315 and 317, stop-
ping the exhausting function.

[0123] Insuchacase,itis possible to move the bubble
in the electrode portion included in the stack to an outer
periphery via the gap portions 315 and 317 until the gap
portions 315 and 317 are occluded. Thus, the remaining
bubble in the electrode portion is further limited.

[0124] FIG. 24 is a plan view of a modified example
constructed in accordance with the third embodiment. In
this modified example, the end surfaces of the first and
second sealing materials 314 and 316 around the gap
portions 315 and 317 have an approximately circular
shape. The distance between the gap portions 315 and
317 is not constant. That is, the flow capabilities of the
first and second sealing materials are improved as the
amount of the first and second sealing materials 314 and
316isincreased. Further, since there is a portion wherein
a space between the gap portions 315 and 317 is nar-
rowed, it is possible to easily occlude the gap portions
315 and 317.

[0125] As mentioned above, compared to the first em-
bodiment, the introduction of the bubble can be further
limited in the third embodiment.

[0126] Further, the porous separators into which the
electrolyte is penetrated are overlapped with each other
in the first to third embodiments. Thus, although the bub-
ble remains at the cathode or anode side of the bipolar
electrode, it is easy to exhaust such a bubble from a
surface opposite to the cathode or anode side via the
separator wherein the electrolyte can penetrate therein.
Further, itis also easy to exhaust the bubble from a space
between the separators.

[0127] Also, although the cathode and anode are po-
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sitioned at both sides of the bipolar electrode, the sepa-
rators are arranged at both sides of the cathode and an-
ode. To this end, the separators are arranged at both
sides of the cathode and anode to thereby form a unit.
This is so that the unit can be stacked by being covered
and retained by the separator without exposing the cath-
ode, the anode and the electrolyte. Thus, corrugation is
hardly generated in the separator, and the stacking op-
eration becomes easy, facilitating mass production.
[0128] Further, since the separators wherein the elec-
trolyte can penetrate are overlapped with each other, al-
though a redundant penetrating portion (i.e., micro-
crack) is generated in a part of the separator, the cathode
and anode are clearly segmented from each other due
to the existence of the overlapped separators. Thus, the
function of the separator is secured. Accordingly, pro-
ductivity may be increased.

[0129] Also, the first to third embodiments illustrate ex-
amples of the separators wherein two separators are
overlapped with each other. However, the invention is
not limited thereto since it may include separators where-
in three separators are overlapped with each other, for
example. In such a case, it is advantageous to form the
separators as thin as possible in view of the power den-
sity.

[0130] The above-described embodiments have been
described in order to allow easy understanding of the
invention and do not limit the invention. On the contrary,
the invention is intended to cover various modifications
and equivalent arrangements included within the scope
of the appended claims, which scope is to be accorded
the broadest interpretation so as to encompass all such
modifications and equivalent structure as is permitted un-
der the law.

[0131] This application claims priority from Japanese
Patent Application Nos. 2006-324678, filed 30th Novem-
ber 2006, and 2007-260223, filed 3rd October 2007, the
contents of which are expressly incorporated herein in
by reference.

Claims
1. A bipolar battery, comprising:

at least two bipolar electrodes arranged in a
stack, each of the electrodes comprising a cath-
ode formed on one side of a collector and an
anode formed on an opposed side of the collec-
tor; and

a pair of separators arranged on opposed sides
of each of the electrodes in the stack, each of
the pair of separators having a permeability suf-
ficient for an electrolyte to penetrate therein;

wherein separators of adjacent ones of the elec-
trodes are in contact with each other.
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A battery as claimed in claim 1, wherein the pair of
separators comprises a porous membrane segment-
ing acathode of afirstbipolar electrode and an anode
of asecond, adjacent bipolar electrode, and wherein
the battery comprises an electrolyte between the
cathode of the first bipolar electrode and an adjacent
separator and between the anode of a second, ad-
jacent bipolar electrode and an adjacent other sep-
arator.

A battery as claimed in any preceding claim, com-
prising an electrolyte layer arranged at cathode and
anode sides of each of the bipolar electrodes; and
wherein the separators of adjacent ones of the elec-
trodes are overlapping.

A battery as claimed in claim 3, wherein the electro-
lyte layer comprises a polymer gel electrolyte or an
electrolytic solution, and wherein the battery com-
prises a charging portion including a charging mate-
rial arranged in a space between each collector and
an adjacent separator and surrounding ends of an
associated cathode and anode.

A battery as claimed in claim 4, wherein the charging
portion comprises a gap portion occluded during for-
mation of the stack.

A battery as claimed in claim 4 or claim 5, wherein
the electrolyte layer comprises the polymer gel elec-
trolyte and wherein a thickness of the charging por-
tion is less than a thickness between an adjacent
cathode or anode and the polymer gel electrolyte.

A battery as claimed in any preceding claim, com-
prising an electrolyte layer arranged between each
anode and between each cathode and an adjacent
separator and in contact with the adjacent separator,
the electrolyte layer comprising the electrolyte.

A battery as claimed in claim 7, comprising a sealing
material arranged between a first separator of each
pair of separators and a second separator of each
pair of separators, the sealing material enclosing the
anode, cathode, collector and electrolyte layers of a
respective bipolar electrode.

A battery as claimed in any preceding claim, com-
prising:

a first sealing material arranged between the
cathode of each of the electrodes and a first,
adjacent one of the pair of separators,
a second sealing material arranged between the
anode of each of the electrodes and a second,
adjacent one of the pair of separators;

wherein the first sealing material optionally encloses
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10.

11.

12.

13.

22

ends of the cathode and the second sealing material
optionally encloses ends of the anode.

A method of manufacturing a bipolar battery, com-
prising:

forming afirst bipolar electrode comprising afirst
cathode formed on one side of a first collector
and a first anode formed on an opposed side of
the first collector;

arranging a first pair of separators on opposed
sides the first bipolar electrode, each of the first
pair of separators having a permeability suffi-
cient for an electrolyte to penetrate therein;
forming a second bipolar electrode comprising
a second cathode formed on one side of a sec-
ond collector and a second anode formed on an
opposed side of the second collector;
arranging a second pair of separators on op-
posed sides of the second bipolar electrode,
each of the second pair of separators having a
permeability sufficient for the electrolyte to pen-
etrate therein; and

stacking the first bipolar electrode and the sec-
ond bipolar electrode such that a first separator
of the first pair of separators and a second sep-
arator of the second pair of separators are in
contact with each other.

A method as claimed in claim 10, comprising forming
an electrolyte layer comprising the electrolyte adja-
cent each of the first pair of separators and the sec-
ond pair of separators and interposed at cathode and
anode sides of each of the first and the second bi-
polar electrodes, the electrolyte layer comprising the
electrode;

wherein stacking the first bipolar electrode and the
second bipolar electrode comprises overlapping the
first separator and the second separator with each
other.

A method as claimed in claim 10 or claim 11, wherein
the electrolyte of each of the electrolyte layers com-
prises a polymer gel electrolyte or an electrolytic so-
lution and wherein the method comprises, prior to
stacking, arranging a sealing material for forming a
charging portion and arranging a charging material
in a space between the first collector and each of the
first pair of separators to surround edges of the first
cathode and the first anode.

A method as claimed in claim 12, wherein a gap por-
tion is formed at the charging portion and wherein
the method comprises exhausting a bubble remain-
ing in an inner space of the first electrode formed by
the collector, atleast one of the first pair of separators
and the charging material via the gap portion.
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14. Amethod as claimed in claim 13, comprising occlud-
ing a gap of the gap portion by pressing the charging
portion along a stacking direction of the stack after
exhausting the bubble.

15. A battery assembly or a vehicle having a plurality of
batteries as claimed in any preceding claim.

10

15

20

25

30

35

40

45

50

55

13

24



EP 1936 730 Al

FIG. 1
10
104
102 — ,{ e 10
// N
-
pr B
7=
FIG. 2
103 111
10 / /;
T 7
104~ é 102

|/ S/
2,/"V*////////////

12
120{ P NN NN
121 '“"A‘;““““

NS ANANNNN RN RN
S N N N N N N N N N N

/

101 ]

14



EP 1936 730 Al

FIG. 3
130 102 104

/I/ f///l/ 7/ z
£ Z/ Z/ Z

™N

A / / / L L
917 % o — 1 ——4
AR B A= A
i VT 4 /7 /7 /T /
132 134

FI1G. 4

136

15



EP 1936 730 Al

FIG. §
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